We present a short overview of the long-term mean and variability of five Essential Climate 2
Introduction 32
The South China Seas (hereafter, SCS) is the largest marginal sea in Southeast Asia 33
and covers an area of 3.8 million km² from approximately 0-23°N and 99°E-121°E (Fig. 1) . 34 respectively. The long-term trends are finally documented in section 6. Aiming to be a short 88 overview paper, the knowledge gained from our study is compared to a variety of previous 89 results in all sections. A conclusion and discussion section is given in section 7. 90 91
Data and Methods 92
Five ECVs are investigated: sea surface temperature (SST), sea level anomaly (SLA), 93 surface wind (SW), precipitation (P) and water discharge (WD). Among the multiple 94 available databases, all of the products that are described next have been selected based on a 95 compromise between several criteria: the dataset is as long as possible, grid resolution must 96 be as fine as possible, confidence, robustness and/or 'clear' documentation of the product 97
(partly based on a literature review). 98 
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Chroy Chang Var 11600 10700 -1340 Table 1 analyses were then performed on the typical years and low-pass filtered time series, which 186 were first detrended. EOF analyses allow us to extract the main spatial modes of variability 187 and determine how they can change over time (e.g., Hannachi et al., 2007 black dots on panel (e) denote, from north to south, the location of the inland rainfall 255 stations Lục Yên, Đà Nẵng and Mỹ Tho (see Table 1 The second seasonal EOF mode (5% of the total variance) represents a semi-annual 285 cycle with peaks in April and November and troughs in January and August (Fig. 4d) . The 286 spatial function is positive over the majority of the basin and negative along the Chinese and 287 northern Vietnamese coasts (Fig. 4c) . In April, the SST can increase by as much as 1.5°C in 288 the Gulf of Thailand and south of Vietnam, and can decrease by -1.5°C in the Gulf of Tonkin. 289
As noted by Huynh et al. (2016) , this semi-annual variability is mostly driven by oceanic 290 thermal advection along the northeast-southwest diagonal of the basin from two opposite 291 directions. These authors partially associate the spatial and temporal variabilities of the 292 second SST mode with the influence of an atmospheric anticyclone. In late March, the strong 293 development of this anticyclone weakens the northeast monsoon (winter monsoon), which 294 reduces the amount of clouds and rainfall over the SCS and allows more solar radiation to 295 reach the basin. As a result, the SST increases and reaches its peak in April and provides heat 296 and vapor for the onset of the southwest (summer) monsoon. The southwest winds trigger 297 the development of an anticyclone in the south and a weaker cyclone in the north, leading to 298 the advection of warm waters from the south to the northeast and cold waters from the 299 north to the southwest. In October, the summer monsoon dissipates and allows solar 300 radiation to warm the basin, reaching a peak in November. Vietnam eddy, although to a lesser extent). Logically, the timing of those seasonal SLA drops 326 corresponds to the maximum development of the two eddies inferred from hydrographic 327 observations (Qu, 2001 ). In addition, the seasonal sea level drops that are observed in the 328 summer along the coasts are consistent with the upwelling-favorable surface winds that 329 blow to the northwest at that time of the year (see below). 330 SW. The first seasonal EOF mode on surface wind anomalies contributes to up to 93% 331 of the variance for both zonal (U) and meridional (V) components. The two temporal 332 functions show an annual cycle, and the spatial functions show positive values over the 333 entire region and more intense values over the sea (Fig. 6a-d) . In the summer, the eastward 334 Table 1 . 392
Interannual variability 393
As noted in section 2, EOF analyses are performed to extract the main interannual 394 variability and compare with ENSO indices. The maximum correlation coefficients at given 395 lags between the interannual temporal function of the EOF and all (low-pass filtered) climate 396 indices are listed in Table 2 . (Fig. 10a) . The associated temporal function (Fig. 10b) shows a maximum 404 correlation coefficient value of +0.59 with the Niño1+2 index (Table 2) (Fig. 11c) events, which were selected according to the studies of Harrison (2010, 2013) . 488
The authors identified the abovementioned El Niño events as strong events that were 489 characterized by strong peaks in both Niño3.4 SST and outgoing long-wave radiation (OLR) 490 anomalies over the eastern-central equatorial Pacific. Figure 12a shows that the anomalous 491 winds were blowing N-NE, and when compared to the mean conditions in JFM when the 492 winds blow S-SW (Fig. 7a) , this potentially leads to a weakened winter monsoon. The 493 anomalous JJA composites (Fig. 12b) show anomalous winds blowing S-SW, compared to the 494 mean conditions in JJA (when the winds blow N-NE (Fig. 7b) ). Furthermore, each JFM and JJA 495 of each strong El Niño year were tested separately (not shown here), and the results showed 496 the same wind patterns as the JFM and JJA composites. Figure 12 compares the anomalies 497 over three months of a composite of strong El Niño events and is thus not directly 498 comparable with Figure 11abcd where the anomalies are presented relative to the long-term 499 mean, comprising all types of El Niño and La Niña events. Lastly, the same analyses were 500 performed on four La Niña years (1983-84, 1988-89, 1995-96, 1998-99) . The surface winds 501 showed almost reversed patterns from the ones observed for El Niño years (not shown 502 here). The anomalous JFM composites for La Niña events showed anomalous wind blowing 503 S-SW, and the anomalous JJA composites showed anomalous wind blowing N-NE. 504
Page Chinese coast, and it shows maximum values in the southeastern part of the region (Fig.  512   11e) . The temporal function that is correlated with the Niño4 index (R=0.64 at 0 lag) reveals 513 that precipitation decreases during El Niño events and increases during La Niña phases. For 514 the case of the 1997-98 event, which was one of the strongest ENSO events ever recorded, 515 the amount of rainfall associated with EOF 1 (again representing only 48.4% of the variance) 516 reduces by as much as 1.6 mm/d in the southeast region, which is a reduction of 28% 517 relative to the mean value (Fig. 3f) . The important P decreasing rate that was observed can 518 be explained by the eastward shift in convective activity in the equatorial western Pacific 519 during El Niño phases. Such shift leads to altered Walker circulation, generating a 520 subsidence area over the SCS . The analysis of the first (or first two) EOF mode(s) on each ECV clearly exhibits the 676 seasonal variability of the SCS under the influence of monsoon. In the summer, the SST is 677 found to increase throughout the basin, the SLA increases in the central and eastern parts of 678 the basin, positive rainfall anomalies are observed north of 8°N, the eastward and northward 679 
